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THE REACTION OF CYSTEINE 
AND RELATED COMPOUNDS 
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Evidence has been published for the reac- 
tion of pe.niciHenic acid''*' aad for the direct 

groups of protein to form penicilloyl com- 
pounds. These peRicilloyJ derivatives are 
reported to be the major determinant in 
peasciijssi ai^t^;!<y' - . 
^.'vl « t ^ V o 

lenic acid, one of the major degradation 
products of henzylpeRicillin, is ccaverted by 
ethanethioi to ^-ethyithiobeniyipenicilioate'' 
generated an interest in the action of thiol-- 
containing compounds on the ^ lactam of 
penicillins. The possibility that benzylpeni- 
eillenic acid or henzylpeniciliin, by reaction 
with the sulfhydryl groitps of protein, 
could form a determinant responsible for an 



allergic response is of theoretical interest. 

A comparison of the reactivity o£ faenzyl- 
peniciilin and of beniyipenicsllenic acid with 
thiol-cont-^ining nsscleophiles was under- 
taken. The progress of the reactions was 
monitored spectrophotometrically. Within 
minutes the reaction of benzylpenicillenic 
acid with compounds containing free sulf- 
hydryl groups is complete (Table 1), The 
results indicate that a large variety of 
compound.'? react, and only the absence of 
a free sulfhydryl interferes with reactivity. 
As reported earlier*' the reaction of bensyi- 
peniciliiii with 2-merc.'!ptoamiaes having 
both a sulfhydryl group and an amino group 
also is complete within minutes. When 
either the sulfhydryl or the amino group of 
the 2-mercaptoamine is absent or blocked, 

thioesters differs with benzylpenicillenic acid 
and benzylponiciilin, we investigated the 
reactivity of several cephalosporin antibiotics 
with 2~mercaptoaro!nes. The stabilities of 
a variety of penicillins and cephalosporins 
in the presence of cysteine were measured 
(Table 2). At pH 7.5 and room temperature, 
both 3-raethyl cephem and 3-acetoxymethyl 
cephem derivatives are unreacted after four 



Compound present in 



H5NCH2CH1SH 
i{aNCHCH,SH 

COOK 
HOCHjCHaSH 
CHjCHjSH 
CHjCONHCHCHiSH 

COOH 
HjNCHCHjSCHj 

COOH 




Benzjrlpenicillin 



* Presented in part at the Vill ih Siitcrscirnce Conference on 
therapy, New York, New York, October 1968. 
** Present addres,s : Ball State University, Department of Chemistry, Muncie, Indiai 
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Table 2, Reaction of pensciihns and esphalosporins with~c 
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hours, while under identical conditions the 

corresponding penscilhns react completely 
within one hour. 

In order to establish whether this dif- 
Serence ,ra rsactivity was related to the 
rr tr^< I 1 s t c 1 c tT pKt b ot c , 

(e ><;iu i t ,'-j\CA") -were 
treaiftfl with cysteine. Alter ioisr hours the 
^-lactam oand in tne IR spectrum of the 
reaction mixture containing 6--APA and 
cysteine disappears. Utider identical condi- 
tions there ss no effect on the t?-lact3.m. of 
7-A.CA, !,in.,e t- v.-tnl 7 AC/i <1..^ i„ 
cyste pe^ <;>jo«.s 3v p\ i dl j? ii Ujr ,U0 



sole t 



liiat penicillin fiAaQtaxn activttv may he 
remo^'ed m the presence of cephalosporins. 
The results of the following experiment 

verified this contention. Cephalothin. 7~ 
i2-- thienvjacetamido^cephaio.'spoiarsic acid, 
c ! innate i o J< xv ot « ^«,ith 
phenoxymetnyioenicjiliii. Samples wfire 
taken from a. mixture of this cephaiosporin, 



phenoxymethylpeniciihn, and cysteine at ori 
7.5 initially and atter one and two hours. 
A microbiological .5ssay of the one hour 
sample showed a trace amount oi the 
oriRrdi periciilin act v tv ftf two 

hours the activity due xq penici'.lin i« sope 
Mi> L,re-5 3f 'hp sam ila .on i md 
I-hFuoxjnetijbf'ii il J X uf V t»int 
in pH ''S buffer ail - w M 
losporm m buffer served as controls. DuDii- 
cates of ail samples assayed were treatea 
with penici Imaae to illustrate the d sip-^ei' 
ance oi penicuiin activity bv a knov/n agent, 
V>e i « U ed »la the reic i-^ i> 

oi peuicuier.ic acids, peaicdhns, and csp.ha- 
bbporr. ^,t[ ? m- .d^iUamiie lifers 



As . 

actiYitv and. i 
clln •.lUr§r^^ = 
presence of cepi 
physical treatn- 
tamsnants woistd adverseiv eftect cephalos- 
porin activity. Studies are now in progress 
to determine whether structurally modified 
cephalosporins interact with 2-merc8p'-o- 
amines. 
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Vw, and cysteine at pH 
■ one and two hours. 
;say of the ons hour 
:race amount of the 
tivity and after two 
5 to penifillin is gone, 
cephalosporin and 

,nd the same cepha- 
ed as controls. Dupli- 

iustrate the disappear- 
vity by a known agent. 
;d that the reactivity 
peaiciltins, and cepha- 
ercaptoaxnines diirers. 



erseiy eSeot cephalos- 

r struciuraliy-isiodsfied 
sot with 2-mercapto- 



1, Ph-xsphst^^ Buffsr Solution : KH^POi 
sni N4.tKl'0< (MsiS'ixokvofit reagent) were 
^K"A iti tfte f:<rf)j>f:r proportions for a O.-l M 

2, Ali iRgassireinents of th<r presence ol 
beiisylpeniciifenic acid were ■r.afje in aqisKoiss 
buKer on a Beckman Model Bli spectro- 
photornster using LOO cm ■^ostU celis, 
Spec.trophotometfic determinaSion of the 
disappsarar.ee of bensylpeaicilknic acid was 
followed at 322 m/j. 

3, All measureinents oi the presence cf 
the /3-L<icta;n ot penicUlins and cephaios- 
pciriris vreve nviac: c-x u;;fieral oil inalh cf 
the lyophihzed residue of the reaetion mix- 
tures on a Beckman Mode! IR 12 Double 
Beam Recordra? hifrarfid Spectrometer. 



2- 1 



etna 



Aniinopeaicjilanic acid, 7-arn;aocephalos- 
poranic acid, berizyipcnicillin, phenoxyme- 
thylpeniciiliti, 2 -thienylmethyipcnicillin. a- 
amiaobesi3y!p6:ii!ciilin, 2,6-dimethoxy phenyl- 
penicillin. 4-(5-methyl-3-phenyl)i,'30x.q2oiyl- 
penicilHri, 7-(2-pheriyL'acetamido)"3-methyI- 
3-cephem-4-carbDxyiic acid, 7-(2-phenoxy~ 
acetam!do)-3-inethyS-3 -cep!ieFn-4 -carboxyiic 
acid, 7-(2-thienylacetarnido;--3 - methyl - 3 - 
cephem --1-carboxylic acid, 7-<2-amiriO-2- 
phenylacetara!doj-3~jnetbyi~3~cephem~4- car- 
boxy lie acui, 7 -(2-thieEiy!acetaffifdo)cepha- 
iosporanic acid, and 7-(2-amino-2-pheny]- 
acet;jniido>ceph,ulo.'5poranic acid were ob- 
tained commercially when possible or were 
synthesized in the Lilly Research Labora- 
tories. 

Reaction ox Benzylpenicillentc Acid 

tion mixture ^of 3.0 m! of 0,1 m phospL-ste 
buffer at pH ".fj containing 1.0/10"^ M of 



1,00 c 



Becli 



cell. A solution of bcnaylpenicillenic acid 
in absolute ethanol (0.0.1 ml) was iiijected 
into the reaction cell, producing a concen- 
tration of 3.0xl0-» M. Optical density 



tion of time. 

7. Reaction of PeuiciHins and Cephalos- 
porins with Cysceine : A reaction iaixtare 
of 50 ml of 0.1 M phosphate buffer at pH 
7.5 contaitiing 300 ir.g eysieine was added 
to 8. vfjssei eotitaining 100 msr of the t^pyro- 
priatc peaidlliti c csphslospovi;;. The 
rcsuitioR avsxture was stirred at room tem- 
perature for four hours and subsequently 
fr<ss§n »«d iyophilized. Controls were rua 

the cysteiae. The resulting residues were 

8. Reaction of 6-Airiinopenicillanic Acid 
(6-APA) and 7-Aminocephalosporanic Acid 
(7-ACA) with Cyirteine : Two reaction 
mixtures of 200 ml of 0,1 M phosphate buffer 



AP,* 



and 1.0 g 7-.ACA, resoj 



ively. 



phosphate buffer at pH 7.5 containing 1.0 g 
7~ACA served a.s a control All three reac- 
tion mixtures were stirred at room tem- 
perature for four hours and subsequently 
frozen and lyophilizcd. The resulting resi- 
dues were submitted for IR analysis of the 
presence of /5-lactam at 1760-1810 err.-' and 
ester at 1740 cm'' in the case of 7-ACA. 

9. Reaction of Phenoxyineihyipeniciilin 
with Cy.'steinR in the Presence of a Ceph,qk}5- 
Dorin. Isolation and Analysis of Peniciliin : 
Three samples (labelled A, B, and C) were 
prep.wed; each contained 100 mi of 0.1 M 
phosphate buffer. Sample A coatained 1.0 g 
o£ 7-(2-thLenylat:etaffiido)cephaiospofanic 
acid, 10 tag of phenoxyiaethylpenicillin, and 
400 mg cysteine ; sample B contained 1.0 g 
of the same cephalosporin and 10 mg of 
phenoxymethylpenicilHn ; and sample C con- 
tained the cephalosporin in buifer and served 
as a contfoi. Samples were, taken from 
.sample.-, A, B, and C initially and after one 
and two hours and added to pH 3.0 water 
washed diisopropyi ether CDIPE). The pH 
of the aqiseou-s phase was adjusted to 1.5 
with 20% HSO, solution. The re.?ulting 
slurry was filtered on 7 cnt. Whatman No. 1 
filter paper on a Buchuer funnel The 
filtrate was placed in a .separatory funtie; 
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and 100 mi of tne DIPE iaver was applied 
to 1/4 ' X 20 ' sheets of \'V hatman No. 4 paoer 
which had been previously buifered v/ith 
0.5 m to 0.75 m pH 6,2 phosohate buffen 
I he chromatogram was alio^A-eo to equih- 




diethv! ether to the soiversl trav. Tine 
chromatogram was allowed lo aevelop down 
flow for spproxmiateiy three hours foilowea 
bv development on ,'iarctna lutea (Agar pH 
was 6.7 pnor to pouring and plates were 
allowed to stiind overntght m retrigerator 
prior to use). Tne appropriate standards 
were used for comparison oS active material 
and duplicate samples were treated with 
perncilimase to lilusirate the disappearance 
of peniciiun Activity by a known agent. 
The hmit detection v. ■^'^■^ 



The authors are jr.dsbf.ta ui Mr. w.R. Bxowh 
for his excellent tecnnical assi-siance and to Mr. 
CD. Uhdehskkk tor tfic intisred analysis. 
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